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Key Scientific Achievements

- Dog tears of positive emotion: First demonstration that dogs secrete tears during positive
reunions with their owners, mediated by oxytocin release.

- Oxytocin-enhanced gazing: Showed that administering intranasal oxytocin to dogs increases
their eye gaze toward owners, boosting owner oxytocin levels—supporting interspecies bonding
mechanisms.

- Owner oxytocin elevation: Observed that mutual gaze from dogs increases urinary oxytocin in
humans, reinforcing attachment bonds.

- Social behavior and microbiome: In rodent models, revealed that how social stress and
environmental factors alter the gut microbiome in animal models, revealing links between

microbial composition and emotional behavior.

Abstract

The brain-gut axis, a reciprocal communication between two organs, 1s now
widely recognized as one of the fundamental physiological functions in animals.
Recent research has suggested that the composition of the gut microbiome does not
only interact locally with intestinal cells and the enteric nervous system but also
with the central nervous system (CNS). For example, in mice studies, changes in



gut microbiota influence brain chemistry and behavior, such as memory, learning,
and anxiety related behavior"”. The microbiome in the intestine has the potential
to interact with the CNS directly via neural, endocrine, immune, and metabolic
pathways®”. It has been shown that gut microbes activate the vagus nerve, which
1s one of the main information carriers from the gut to the brain and stimulate
inflammatory cytokines in the brain®. Neuroendocrinologically, the gut microbiota
can modulate the hypothalamic-pituitary-adrenal axis that controls the stress
response and plays a role in cognition and mood disorders™”.

We fond that GF mice spent less time in the center area of the arena and there
were longer inter-individual distances compared with SPF mice. GF mice also had
decreased brain-derived neurotrophic factor (BDNF) and increased AFosB mRNA
in the prefrontal cortex compared to SPF mice. There were differences in the gut
microbiome composition between GF and SPF mice; however, if cohabitating after
weaning, then their microbiome composition became equivalent and group differences
in behavior and BDNF and AFosB mRNA expression disappeared. These results
demonstrate that the bacterial community can modulate neural systems that are
involved 1n sociability and anxiety during the developmental period and suggest that
sociability and anxiety can be shaped depending on the microbiome environment
through interaction with conspecifics”.

Moreover, we aimed to determine whether the matrilineal transmission of maternal
behavior occurs in mice and whether the microbiota is involved. We first observed
that early weaned (EW) female mice showed lower levels of maternal behavior,
particularly licking/grooming (LG) of their own pups, than normally weaned (NW)
female mice. This difference in maternal behavioral traits was also observed in the
second generation, even though all mice were weaned normally. In the subsequent
cross-fostering experiment, the levels of LG were influenced by the nurturing mother
but not the biological mother. Finally, we transplanted the fecal microbiota from EW
or NW mice into germ-free (GF) mice raising pups. The maternal behaviors that the
pups exhibited toward their own offspring after growth were analyzed, and the levels
of LG in GF mice colonized with microbiota from EW mice were lower than those in
GF mice colonized with microbiota from NW mice. These results clearly indicate that,
among maternal behavioral traits, LG 1s intergenerationally transmitted in mice
and suggest that the vertical transmission of microbiota is involved in this process.
This study demonstrates the universality of the intergenerational transmission of
maternal behavioral traits and provides new insights into the role of microbiota®.

The dog (Canis familiaris) was the first animal to be domesticated, with hundreds
of different dog breeds recognized today. During the domestication process, dogs were
subjected to a strong selection process according to their temperament, behavior, and
cognitive abilities”, and acquired their unique cognitive abilities during domestication.



These human-like unique abilities might also be related with interspecies’ bonding,
namely human-dog bonding. We revealed that dog showed oxytocin mediated
positive-loop for forming bonds with humans, and wolves did not show this positive
loop with humans, suggesting that dog have acquired biological bond mechanisms in
the process of domestication'”’. Nowadays, there are many epidemiologic reports on
the benefits to humans of owning dogs that have lived with humans for so long. We
also found that dog ownership improved the well-being of adolescents. These children
were also more sociable and had fewer behavioral problems'’. At the same time,
we examined the gastrointestinal microbiome known to affect the central nervous
system and found that the effects of dog ownership differed between dog-owner and
non-dog-owner children. When the bacterial flora collected from the children was
administered to sterile mice, the mice became more prosocial. Thus, 1t was found that
some of the benefits of dog-ownership may be due to changes in the bacterial flora. It
1s feasible that dogs and humans have established a mutually beneficial relationship
while influencing each other (unpublished data).

These results imply the adaptive significance of developing animals acquiring a
various gut microbiota in their environment, especially in their interactions with

other individuals, and accordingly developing appropriate social behaviors.
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